The hiraiwai-subgroup of the Leiobunum curvipalpe-species group (Opiliones: Sclerosomatidae: Leiobuninae) is revised on the basis of somatic morphology, genitalia and karyotypes. This subgroup is distributed mainly in the mountainous areas of the Japanese Beech (Fagus crenata) forest zone (usually above 700 m in altitude in the southwestern part of Japan) in the western part of the Japanese Islands and corresponds to a single polytypic species, Leiobunum hiraiwai (Sato & Suzuki, 1939) with eight geographic races. Leiobunum tamanum Suzuki, 1957 and L. tsushimense Suzuki, 1976 are here synonymized with L. hiraiwai. All the races, except for the Tsushima race, were chromosomally analyzed. The number of chromosomes varies geographically from 2n = 18 to 22 eastwards, irrespective of the variation in somatic morphology or male genitalia. Component chromosomes in these karyotypes are invariably metacentric or submetacentric in structure. Some morphological characters show a geographic pattern of variation that conforms to the stasipatric model of speciation. The possible processes of geographical differentiation of the species and direction of character evolution are inferred on the basis of such geographical patterns. The distribution of some character states suggests that the closest relative of the subgroup is the curvipalpe-subgroup (= Leiobunum curvipalpe Roewer, 1910 and L. tohokuense Suzuki, 1976) that inhabits the northeastern part of Honshu, Japan. The hiraiwai-subgroup (= Leiobunum hiraiwai) shows a mutually exclusive or checkerboard pattern of geographical distribution with regards to the montanum-subgroup (= Leiobunum montanum Suzuki, 1953) in southwestern Japan, suggesting some possible reproductive interference between these two species.
Introduction
In the fourth of a series of papers (Tsurusaki 1985a (Tsurusaki , 1985b (Tsurusaki , 1990 dealing with the taxonomic revision of the Leiobunum curvipalpe-group (Arachnida: Opiliones), I will present here a taxonomic revision of the hiraiwai-subgroup of the curvipalpe-species group with a general account of its geographic variation in somatic morphology, male genitalia and karyotypes. This subgroup, which is treated here to include only a single species Leiobunum hiraiwai (Sato & Suzuki, 1939) after placing L. tamanum Suzuki 1957 and L. tsushimense Suzuki 1976 into the synonymy of L. hiraiwai, is distributed in the southwestern half of the Japanese Islands. The curvipalpe-subgroup (L. curvipalpe Roewer, 1910 and L. tohokuense Suzuki, 1976) occupies the northeastern half of Honshu, Japan. Leiobunum hiraiwai usually occurs in mountainous areas above 700 m, in altitude where Japanese Beech (Fagus crenata) predominates in the forests in southwestern Honshu and Kyushu. It can also be found in subalpine coniferous forests above ca 2000 m in altitude in the northern Kantô district, where L. curvipalpe occupies lower beech forests. Interestingly, two common species of this group in western Japan, L. hiraiwai and L. montanum, rarely overlap in their distributional ranges. I will also discuss the possible reason for the mutually exclusive pattern of distribution in the Leiobunum curvipalpegroup.
Material and methods
A total of 1963 specimens (1595%, 313&, 55juv.) collected from 152 localities were used in the examination of somatic morphology.
In 19 populations covering 7 races chromosomes were surveyed by a squash method using acetic-orcein (preparations done in 1981) and an air-drying method (preparations from 1982 to 1996) . The description of the air-drying techniques can be found in Tsurusaki (in press) .
Descriptions are given according to the format used in Tsurusaki (1985a) . All measurements are in mm. Abbreviation: BL = body length, FIL = femur I length, NT = N. Tsurusaki, PaL = palp length (= femur+patella+tibia+tarsus), PrL = prosoma length, SC = Dr Seisho Suzuki's personal collection, ZLHU = Zoological Laboratory, Faculty of Science, Hiroshima University, Hiroshima.
All the specimens examined are listed under "Specimens examined". In the list, data for each sample are given by the following order: locality, altitude and forest vegetation (Cj = Cryptomeria japonica, Japanese Red Cedar; Fc= Fagus crenata) if available, number of individuals (the number of specimens dissected for chromosome observation are in parentheses with "Chrom. Obs." or "CH". Chromosomes of the specimens marked "CH." alone are to be reported elsewhere. The number marked "Chrom. Obs." may be unequal to the one in Table 1 , since we failed to obtain countable chromosomal spreads for some individuals), date collected, collector (NT = Nobuo Tsurusaki). 1) Races defined mainly by penis morphology: KH = Kyushu-Hiroshima; KI = Kinki; KA = Kamikôchi; Int = intermediate populations between Kinki and Utsukushigahara races; U = Utsukushigahara; WK = Western Kantô; F = Fuji; I = Izu 2) Numerals in parentheses denote locality numbers given in Fig. 7. 3) Asterisked = prepared by squash method. 4) FN = fundamental number, which means the total number of chromosomal arms in the complement. Description. Male. With medium to large-sized body (3.3-5.9 mm long). Genital operculum as shown in Figs 1C-D, boundary between operculum and 3rd sternite somewhat obscure. Labrum as in Fig. 2 , club-shaped, laterally with numerous dark tubercles. Chelicera as in Figs 1I-K, second segment with a few black teeth on its distomesal surface. Palp as shown in Fig. 3 ; femur moderately curved ventrad, distolaterally with a few teeth; patella distally widened, with a small but distinct apophysis on mesal distal margin; tibia proximally swollen, ventromesally with numerous dark teeth in distal third; tarsus with a distinct ventromesal row of teeth. Palps often completely (Figs 3C-F) or partially ( Fig. 3B) darkened; degree of the melanism varying geographically (Fig. 4) .
Penis as in Figs 8-16; shape and size variable among populations; shaft widest at base and gradually narrowing toward apex but expanded distally; lateral projections at distal end of shaft ventrally forming a pair of pouches.
Female. Labrum as shown in Figs 1G -H, gradually tapering. Genital operculum (Figs 1E-F) with posterior margin weakly delimited and sharply rounded. Karyotypes . Suzuki (1980) briefly reported the existence of three different karyotypes in "L. hiraiwai", which were easily separable by the number of chromosomes (2n = 18, 20 and 22, respectively). To ascertain this, a total of 99 individuals collected from 19 populations were karyologically analyzed by two methods (squash and airdrying). Provenance of material and the results obtained are synoptically presented in Table 1 .
Chromosomes were found to vary in number and in morphology among the populations examined. This phenomenon was already reported by Suzuki (1980) . Interestingly, an obvious eastward increase in the number of chromosomes from 2n = 18 (Mt Hikosan population) to 2n = 22 (Mt Bushû-Mitake, Mt Amagi and Mt Kiyosumi populations) was observed (see Figs 7, 17) . Of diploid complement, the X and Y chromosomes were usually the largest or the smallest chromosomes, respectively, although some variants were found. Characteristics of these karyotypes are mentioned in the descriptions of races below. Suzuki (1976) recognized five taxa in this species on the basis of differences in the shape of the penis, and described them as subspecies of L. hiraiwai (Sato & Suzuki) . Later, he found that three of the five subspecies (L. h. hiraiwai, L. h. longum and L. h. izuense) are distinguishable from one another by the number of chromosomes and briefly suggested that they should be treated as distinct species (Suzuki 1980) . However, as mentioned in the first paper of the present series (Tsurusaki 1985a) , it is improper to divide allopatric (or parapatric) populations of closely related forms into independent species on the basis of different chromosome numbers per se. Introgression of genes among chromosomal races through the hybrid zones is not a rare phenomenon in various organisms (see extensive reviews by White 1978; Key 1981; King 1993 ) and formation of an extensive chromosomal hybrid zone between two forms having enormously different chromosome numbers (2n = 16 and 2n = 22) is well-documented even in harvestmen (Gagrellopsis nodulifera Sato & Suzuki) by and Gorlov & Tsurusaki (2000) . Moreover, in L. hiraiwai morphological divergence in somatic characters among three forms having different number of chromosomes (Kyushu-Hiroshima race = L. h. hiraiwai / Kinki race = L. h. longum / Izu race = L. h. izuense) is smaller than among chromosomally less variable forms (Kinki race / Utsukushigahara race = L. tsushimense, or Izu race / Western Kantô race = L. tamanum). Therefore I do not treat these geographic forms with different numbers of chromosomes as different species. On the other hand, L. tamanum Suzuki and L. tsushimense Suzuki have been regarded each as a species constituting one monophyletic subgroup different from "L. hiraiwai". In the course of a survey of their distributions in the Chûbu district of Honshu, however, I have collected numerous male specimens whose penes show all gradations between typical L. tsushimense and typical L. hiraiwai from the two populations on Mt Kirigamine (see description of the Utsukushigahara race). Therefore it is very likely that gene flow between "L. hiraiwai" and "L. tsushimense" is not restricted. The occurrence of L. tsushimense at two very distant localities, Is. Tsushima (Loc. No. 1 in Fig. 7 ) and Mt Utsukushigahara in central Honshu (Loc. No. 42 in Fig. 7 ) has so far been a perplexing problem, as stated by Suzuki (1976) . However, if we regard these two distant populations of L. tsushimense as geographical isolates belonging to L. hiraiwai, it is no longer a puzzle, because many other populations of this species occur between these two distant localities.
Geographic variation and races
Leiobunum tamanum from Mt Bushû-Mitake (No. 57 in Fig. 7 , the type-locality) is clearly distinguishable from L. tsushimense from Mt Utsukushigahara by the shape of the penis (compare Figs 15G and 14F ), as well as by different numbers of chromosomes (2n = 22 in the former, 2n = 20 in the latter). However, these two "species" are linked by intermediate populations between the northern part of Chûbu and the northern Kantô Districts. Therefore both L. tamanum and L. tsushimense are here considered as races of "L. hiraiwai".
The system adopted in the present paper and that of Suzuki (1976) is summed up in Table 2 .
© 2006 Magnolia Press

1325
ZOOTAXA
The holotype of L. hiraiwai Suzuki belongs to the Kyushu-Hiroshima race of the present study. Diagnoses of the races and some notes on their distributions and natural histories are separately presented below. Suzuki (1976) and used in the present paper.
FIGURES 10A-E. Leiobunum hiraiwai, penis, ventral view (left) and tip of penis, lateral view (right), Kinki race. Localities: A. Mt Hoko (14). B. Kisokoma-kôgen (15). C. Mt Ontake (17). D. Narai (18). E. Mt Kokuzô (19). Numerals in parentheses denote code numbers of localities given in Fig. 7 . Suzuki (1976) present paper Leiobunum tsushimense Suzuki, 1976: 234, figs 65, 247-249, 344 .
Diagnosis. This race shows closest affinities to the Kyushu-Hiroshima race in the shape of the labrum and palp but it is clearly distinguishable from the latter by the penis lacking lateral barbs on the posterior angles of the distal swelling of the shaft. In the shape of the penis, it shows a close similarity to some populations of the Utsukushigahara race (compare Figs 8A and 14D, F) . However, unlike the Utsukushigahara race, this race has bright colored palps and a slender labrum ( Fig. 2A) . Distribution. Is. Tsushima (Fig. 7) FIGURES 11A-F. Leiobunum hiraiwai, penis, ventral (left) Diagnosis. Characterized by the slender labrum (Figs 2B-D) and bright colored palps (Fig. 3A) . Distinguishable from the Tsushima and Kinki races by the shape of the penis, having lateral barbs on the distal winglets, and a non-elongated shaft. In the general shape and size of the penis this race is similar to both the Kamikôchi race (No. 7 in Fig. 16 ) and the Izu race (No. 9 in Fig. 16 ). Minor differences in the distal winglets of the penial shaft may serve to discriminate these races. Karyotype (Fig. 5a ). 2n(%) = 18 (Mt Hikosan; population No. 2 in Table 1 and Fig. 7 ). The autosomes are composed of 7 pairs of similar-sized metacentrics and a pair of submetacentrics (chromosome 3). The X chromosome is large and submetacentric, while the Y is the smallest chromosome and metacentric. Distribution. Northern Kyushu (Mt Hikosan) and mountainous areas of Hiroshima Prefecture in the westernmost part of Honshu. The distribution of this race seems to correspond roughly to that of Japanese Beech (Fagus crenata) forests in these areas. Consequently the distributional range can be recognized as only an assemblage of several geographical isolates (Fig. 7) .
Biology. This race is sympatric with L. hikocola Suzuki 1966 on Mt Hikosan, northern Kyushu. Adults are usually found on trunks of trees, mainly in woodlands of beech or Japanese red cedar (Cryptomeria japonica), from early July to September. Leiobunum hiraiwai longum Suzuki, 1976: 244, figs 61-64, 117, 261-263, 281-284, 353-355 Diagnosis. Race with characteristically elongated and strongly curved penis in lateral view (Figs 9-10, 11A-D) . Also characterized by its relatively large body and well developed dark brown palps. Unlike in the Kyushu-Hiroshima race, the labrum is considerably swollen in the middle (Figs 2E-G) . The shape of the distal winglets of the penial shaft suggests that this race can be subdivided into three local subraces. Namely, specimens from the Kinki District to the valley of the Kiso River have penes whose distal swelling is armed with two pairs of prominent barbs (Figs 9, 10C-D) . However, specimens from the Tenryû River (= Ina-dani) valley have usually only one pair on the corresponding part ( Figs 10E, 11A-D) . On the other hand, specimens from the other two populations (Mt Hoko and Kisokoma-Kôgen), located in the southern part of the Kiso Valley, are similar to the Ina-dani populations in lacking the second pair of spines on their penes, but can be distinguished from the latter by the shape of the pouches in the distal swelling and conspicuously shorter barbs of the penis (Figs 10A-B) .
Karyotypes (Figs 5b-c) . Two different karyotypes were observed but the relationship between the karyotypes and subraces mentioned above is yet unknown. (1) Karyotype in Mt Bunagatake in the Hira Mountains (Shiga Pref.). (Population No. 10 in Table 1 and Fig. 7) . 2n%= 20. The autosomes consist of 9 pairs of submetacentric or metacentrics. The X chromosome is submetacentric in structure and similar in size to chromosomes 2 or 3, while the Y is the smallest and metacentric. A typical example of pericentric inversion polymorphism was detected in chromosome 3. This chromosome pair is submetacentric, having an arm ratio of r = 2.0. However, in one male specimen this chromosome pair seems to be heterozygous for a pericentric inversion, because the arm ZOOTAXA ratio is r = 5.0 in one homolog but r = 2.0 in the other (Fig. 5b) .
(2) Karyotype in the Tsuetsuki-tôge pass (Nagano Pref.). (Population No. 22 in Table 1 and Fig. 7 ). 2n (%) = 20. The autosomes are composed of 4 pairs of relatively large metacentrics or submetacentrics and 5 pairs of relatively small submetacentrics or subtelocentrics. Difference of size among each autosome is small. The X is the largest chromosome and submetacentric, having an arm ratio of r = 2.0. The Y chromosome is the smallest and metacentric or submetacentric (Fig. 5c) . Distribution. Eastern part of the Chugoku district (Tottori and Okayama Prefectures), Kinki district, and southwestern areas of the Chûbu district (Fig. 7) .
Biology. This race was found to be sympatric with a thelytokous species, L. manubriatum Karsch, 1881 (population including males), in a planted Japanese Larch and Betula platyphylli woodland at Mt Hakkaisan (1650-1670 m alt.), halfway up of Mt Ontake. In that woodland specimens of the Kinki race were found mainly on trunks of trees, while almost all individuals of L. manubriatum were found on leaves of bamboo grass that is predominant in the undergrowth.
This race is also sympatric with Leiobunum montanum on the northwestern slope of Mt Hyônosen. More details of the co-occurrence of both species in the area will be reported elsewhere. Diagnosis. This race is clearly distinguishable from the Kinki race by size and shape of the penis (compare Figs 12A-D and 9-12, 11A-D) . In the general appearance of the penis, this race is similar to the Fuji race but distinguishable from it by a pair of trifurcate barbs on the posterior margins of the distal penial winglets.
Karyotype (Fig. 6a) . 2n(%) = 20 (population Nos 26-29 in Table 1 and Fig. 7) . The karyotype obtained from Ariake Spa specimens is described as follows. Autosomes are composed of 3 pairs of submetacentrics (chromosome 1, 5, 9) and 6 pairs of metacentrics. The X is submetacentric with a secondary constriction on the long arm, and similar in size to chromosome I. The Y is the smallest metacentric or submetacentric.
Distribution. Western mountainous areas of Nagano Prefecture (outskirts of the Hida Mountain Range and Mt Norikura). Further extensive surveys will probably reveal that the distributions of this race and the Kinki race are parapatric, although the closest distance for known records of both races is only about 11 km (between the Sakai-tôge Pass and Narai) (see Fig. 7 ).
Biology. This race was found together with L. manubriatum (all-female population) in two localities (Suzuran, Mt Norikura; and Nakabusa Spa, foot of Mt Tsubakuro). On Mt Tsubakuro this race inhabits mainly Japanese Larch forests in lower altitudes (from ca. 1400 up to 2000 m alt.), and seems to be replaced by L. montanum (Mt Tsubakuro race) in subalpine coniferous forests (above 2000 m alt.) (see Tsurusaki 1985b) . Adults seem to appear in early July in Kamikôchi (ca. 1500 m in alt.). 5C-H. Leiobunum hiraiwai fuji Suzuki, 1976: 241, figs 53-56, 113-114, 277-278, 351-352. Diagnosis. Distinguishable from the Kamikôchi race by its enlarged penis and by differences in the shape of the postlateral barbs of the distal penial winglets. It is also distinguishable from the Izu race by the shape of the penis, especially of its distal winglets.
Karyotype. 2n(%) = 20 (Lake Kawaguchi; population No. 46). As chromosome slides were made by squash method alone, no good spreads of spermatogonial metaphase could be obtained. Therefore the exact structure of each chromosome is still uncertain. 2n(%) = 22 (Mt Kiyosumi, Bôso Peninsula, Chiba Pref.). Details of this karyotype are reported elsewhere, together with data recently obtained for numerous other localities.
Distribution. Outskirts of Mt Fuji, Tanzawa Mountains, and Mt Kiyosumi (Bôso Peninsula) (Shizuoka, Yamanashi, Kanagawa and Chiba Prefectures). The distribution range of this race almost meets with that of the Izu race in a fairly narrow area in the vicinities of Mt Hakone. the closest distance of known records between the two races is 3 km (see Fig. 7 ; also see Tsurusaki & Ikeda 1987) .
Biology: This race mainly inhabits woodlands of Japanese Red Cedar or Japanese Larch. Leiobunum hiraiwai izuense Suzuki, 1976: 239, figs 51-52, 112, 256-257, 270-274, 348-350 . Leiobunum hiraiwai fuji : Suzuki 1976: 241, fig. 278 . Leiobunum hiraiwai: Tsurusaki & Ikeda 1987: 6, figs 5A-B. Diagnosis. Unlike the Fuji race, males of the Izu race have elongated distolateral swellings on their penis shaft (Figs 13A-C) . Moreover, this race has a bright-colored palp (Fig. 3I ). Except for a slightly different distal swelling of the penis and a larger body size, this race corresponds to the Kyushu-Hiroshima race in some characters (e.g., light-colored palps, elongated and slender male labrum, general appearance of penis). However, these two races differ in the number of chromosomes (Izu race: 2n = 22, Kyushu-Hiroshima race: 2n = 18).
Karyotype (Fig. 6e) . 2n(%) = 22 (Mt Amagi; population No. 40 in Table 1 and Fig. 7 ). The autosomes are composed of 1 pair of large-sized submetacentrics, 6 pairs of mediumsized metacentrics or submetacentrics (3: metacentrics / 3: submetacentrics), and 3 pairs of small metacentrics. The X chromosome is metacentric, similar in size to chromosome 1, and the Y is the smallest metacentric.
Distribution. Izu Peninsula (Shizuoka Pref.) and the southern areas of Hakone (Kanagawa Pref.) (Fig. 7) .
(7) Utsukushigahara race (Figs 1B, J; 2N-O; 3F; 6b-c; 13D-G, 14) Leiobunum tsushimense : Suzuki 1976: 234, figs 66, 245-246, 250-251, 342-343 . Leiobunum hiraiwai shiranense Suzuki, 1976: 244, figs 59-60, 116, 255, 275-276. Diagnosis. Distinguishable from the two adjacent races, Kinki and Fuji, by its shorter penis and by the shape of the distal penial winglets 14) . This race can be separated from the Western Kantô race by the slightly different distal winglets of the penis; namely in the Utsukushigahara race the anterior membranous swelling of the alate part somewhat expands toward both lateral sides, while in the Western Kantô race it never projects laterally.
The shape of the distal winglets of the penis is quite variable from locality to locality. Some populations only contain individuals having a typical "tsushimense penis", while in other populations only typical "hiraiwai penis" have been encountered. Moreover, some populations contain males of these two types and their intermediates. For example, 48 males collected from two populations (1630 m and 1660 m in alt., respectively) in in Fig. 7) , located on the slopes of Mt Kirigamine, showed a great variety in the shape of their penes (Figs 14B-D) . Some had a typical "tsushimense penis" (Fig. 14D) , some a typical "hiraiwai penis" (Fig. 14B ) and others showed all gradations between the two extreme types (Fig. 14C) . The male holotype (Fig. 13F) of L. h. shiranense from Mt Shirane-sanzan having vestigial barbs on its penial winglet suggests that similar situations exist in some populations of the Southern Japanese Alps (= Akaishi Mountains). The distributional range of this race might be, as a whole, best interpreted as a wide transitional zone between southwestern Kinki race and northeastern Western Kantô race (see Fig. 7 ).
Karyotype (Figs 6b-c) . 2n(%) = 20 (population Nos 42, 44, 45 in Table 1 and Fig. 7 ). The autosomes are composed of 8 pairs of metacentrics or submetacentrics and l pair of subtelocentrics (chromosome 6). The X chromosome is the largest submetacentric, while the Y is submetacentric or subtelocentric in structure and similar in size to chromosome 7 or 8.
Distribution. Outskirts of Mt Utsukushigahara, Mt Kirigamine (Nagano Pref.) and the Akaishi Mountains (Yamanashi and Shizuoka Prefectures). The southernmost record is Umegashima Spa in Shizuoka Pref.
(8) Western Kantô race (Figs 1F, H; 6d; 15) Liobunum tamanum Suzuki, 1957 : 113, figs 1-3, 5-8, 16, 19, 22, 24-25. Leiobunum tamanum: Suzuki 1976 Tsurusaki & Hayashi 1985 : 509. Leiobunum hiraiwai: Tsurusaki 2002b 2005: 810. Diagnosis. Distinguishable from the Utsukushigahara race in lacking a membranous swelling at the neck of the penis. In addition, this race may be characterized by having a spindle-shaped glans. The penis is quite variable from locality to locality in this race, but without any cline or distinct geographic trend.
Karyotype. Two karyotypes having different chromosome numbers were observed.
(1) Karyotype in Mt Bushû-Mitake population (No. 57 in Table 1 ) (Fig. 6d) . As unfortunately only very few unsatisfactory chromosome spreads could be obtained, the following description should be regarded as tentative. 2n(%) = 22. The autosomes consist of 8 pairs of metacentrics or submetacentrics and 2 pairs of submetacentrics or subtelocentrics. The X and Y sex chromosomes can be identified as the largest submetacentric and the smallest metacentrics or submetacentric, respectively.
(2) Karyotype in Togakushi population (No. 50 in Table 1 ). 2n = 20. First metaphase of spermatocyte showed always 10 bivalents. However, since satisfactory spreads of spermatogonial metaphase could not be obtained, further karyotypic analyses could not be done.
Distribution. Northern part of Nagano Pref. and northwestern mountainous areas of Kantô District (Fig. 7) .
Biology: This race is sympatric with a thelytokous species, L. manubriatum (populations accompanied by males) at least at two localities (Togakushi-Kôgen and Mt Hiuchi-ga-take). In the Japanese Larch forest of Togakushi-Kôgen most specimens of this race were found on trunks of trees, whereas L. manubriatum was mainly collected from undergrowth consisting primarily of bamboo grass. On the other hand, this race seems to compete with L. curvipalpe. Namely, except for one locality (Haruna-jinja, on Mt Haruna), known records of both species are mutually exclusive, though the distributional ranges of these two species widely overlap in the Chûbu District (Fig. 17) . In general, this race is found in higher altitudes than L. curvipalpe.
(9) Intermediate populations
Specimens from the following populations could not be assigned to any particular races.
(1) Mt Nyûgasa-yama population (No. 58 in Fig. 7) (Figs 5e, 11F) .
The penes of the specimens taken from this population possess characteristics of both the Kamikôchi race and the Utuskushigahara race in having a typical "hiraiwai penis". However, judging from the geographical position of this population it seems to be unnatural to consider these specimens as hybrids between the Kamikôchi and Utsukushigahara races. Therefore I hesitate to assign this population to any race in the present paper. Karyotype (Fig. 5e ). 2n(%) = 20 (population No. 58 in Table 1 ). The autosomes are composed of 3 pairs of relatively large metacentrics or submetacentrics, 5 pairs of medium-sized metacentrics or submetacentris, and 1 pair of metacentrics. The X chromosome is the largest submetacentric, while the Y is submetacentric similar in size to chromosome 6.
(2) Todai population (No. 59 in Fig. 7) (Figs 5d, 11E ).
In the shape of the penis, specimens from this population show a condition intermediate between those of the adjacent Kinki race populations and those of Mt Nyûgasa-yama (Fig. 11E) . This suggests the occurrence of gene introgression between both populations. However, because of the paucity of available information it is difficult to make assumptions about the relationship among them.
Karyotype (Fig. 5d ). 2n(%) = 20 (population No. 59 in Table 1 ). The autosomes are composed of 9 pairs of metacentrics or submetacentrics. The X chromosome is the largest submetacentric, while the Y is the smallest submetacentric or metacentric. The size and structure of both sex chromosomes are much more similar with those of the Tsuetsuki-tôge Pass population (Kinki race) (Fig. 5c ) than with the Mt Nyûgasa-yama population.
Specimens examined
(1) Tsushima race. NAGASAKI PREF.: Is. Tsushima, Mt Ariake, 1%, 7. July 1972, S. Suzuki (ZLHU) . (Fig. 17, above) . For a spatial pattern like this, the most conceivable process of differentiation is that chromosome numbers have increased gradually from the most plesiomorphic state 2n = 18 in the center of the distribution.
FIGURE 17. Distributions of the three major subgroups of the Leiobunum curvipalpe-group. Top: Outlines of distributions and diploid chromosome numbers of the hiraiwai-subgroup and the curvipalpe-subgroup. Below: Mutually exclusive distributions of the montanum-subgroup and the hiraiwai-subgroup. Dotted lines denote ranges of Japanese Beech (Fagus crenata) forest, and shaded areas subalpine coniferous forests. L. montanum is restricted to a few high altitude localities in subalpine coniferous forest, such as Abies forests, in the Hida Mountains in central Honshu. For the details on the curvipalpe-subgroup and the montanum-subgroup, see Tsurusaki (1985a Tsurusaki ( , 1990 .
Spatial pattern of trait differentiations in the hiraiwai-subgroup (= L. hiraiwai)
This subgroup is the most variable taxon within the curvipalpe-group. The spatial patterns of two other characters suggest that derived conditions principally arose in the center of the species range of L. hiraiwai, as the stasipatric model of speciation predicts (White 1968 (White , 1978 . These characters concern penis morphology. The presumed process of geographic differentiation in these penis characters and in the labrum shape in the hiraiwai-subgroup is outlined in Fig. 18 . Two postulates are adopted in the following scenario: 1) the ancestor of L. hiraiwai occupied a wide range extending from Tsushima
